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ABSTRACT 
Access to electrification in rural areas of East Timor is extremely limited with as few as 5% 
of rural households connected to electricity. The government of East Timor intends to 
increase rural access to electricity significantly in the coming decade. The introduction of 
small PV systems is envisaged for many households in the most remote areas. Several 
agencies have piloted the introduction of small solar home systems (SHS) and solar lanterns. 
In the Railaco sub-district of East Timor, some 1000 households have experience of using 
either SHS and/or solar lanterns and are in a unique position to indicate a preference 
regarding these forms of PV lighting technology. This paper reports on a survey of 76 
households in Railaco investigating experience with PV lighting systems. Results of the 
survey indicate a strong preference by users for SHS rather than lanterns. The preference for 
SHS arose from a range of factors including: a perception of better light quality; ability to 
illuminate the whole house; reduced risk of damage to the PV equipment; and longer duration 
of nightly operation. The research indicates that where a single PV lighting system is 
provided, users are likely to prefer SHS to solar lanterns.  
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1 INTRODUCTION 
East Timor is a small nation occupying the eastern half of the island of Timor. After almost 
five hundred years of foreign occupation East Timor finally achieved formal independence in 
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2002 [1]. With independence, however, a broad range of development challenges were 
presented to the people of East Timor and their government. The 2005 United Nations 
Human Development Report ranked East Timor the lowest of any Asian or Pacific Island 
nation, reflecting the social and economic problems which East Timor is confronting [2]. 
Rural life predominates in East Timor and poverty has a rural focus with 46% of rural 
households estimated to live below the official poverty line of USD0.55 per person per day 
[3]. As might be expected, rural areas also suffer from poor access to electricity. Government 
of East Timor estimates for 2005 indicate that whilst 22% of households were connected to 
electricity [4], nearly two thirds of these households were in the capital city, Dili. Those 
living in rural areas are estimated to consume only 2% of the electricity generated in East 
Timor. Ninety-five percent of rural homes lack any access to electric power. 
The Government of East Timor is working towards much improved access to basic services 
including electricity. The government’s Sector Investment Plan for the power sector aims to 
deliver electricity to 80% of all homes by 2025 [5]. Renewable energy is expected to play a 
significant role in meeting the expansion of electricity services, particularly for the many 
rural households living in remote parts of the country. With an average solar insolation 
throughout the year of 6 kWh/m2/day [6], East Timor is ideally suited for solar PV 
applications. Installation of between 10,000 and 50,000 PV systems are likely to be required 
for households that will not be connected to the national or micro grids within the next 15 
years [7].  
Several pilot programs for solar PV lighting have recently been initiated. These have 
involved installation of both solar home systems (SHS) and solar lanterns. The United 
Nations Development Program and the Government of East Timor have all installed SHS. 
Another UN program, run by the United Nations Department of Economic and Social Affairs 
(UNDESA) have provided solar lanterns to isolated communities living on the island of 
Atauro [7]. As the Timorese Government develops its plan for providing solar PV lighting to 
remote communities it will face a decision about whether to promote SHS or solar lanterns—
or both. Whilst a body of literature exists on the benefits of SHS and solar lanterns [8-13] the 
literature is silent on the merits of one compared to the other from the users’ perspective. One 
international NGO in East Timor has trialled both types of system. The Edmund Rice 
Community (CER) project in the Railaco sub-district of East Timor has installed a mix of 
SHS and solar lanterns for almost 1000 households. The experiences of these communities 
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offer an excellent opportunity to investigate whether rural households in East Timor prefer 
solar lanterns or SHS. The findings of such an investigation are presented here. 
 
2 METHOD 
2.1 Description of solar PV systems in Railaco 
Under the leadership of Christian Brother Bill Tynan, CER operates a broad range of 
community development activities in the Railaco sub-district of Ermera, several hours west 
of the capital, Dili. Railaco is in the mountainous, coffee growing area of East Timor. These 
community development activities include support to the primary school system in the area, 
literacy and English classes, a mobile health clinic, sewing classes, water supply systems and 
provision of solar lighting systems [14]. Despite cash income from coffee, communities in 
Railaco experience high levels of income poverty. Aside from several primary and one junior 
secondary school, Government services to the area are limited. There are no sealed roads in 
the area, no government offices, and no government water supply systems. Currently there is 
no national electricity grid in East Timor and the closest mini-grid to Railaco is several hours 
walk away in the district capital, Gleno.  
Railaco is divided into nine village administrative units (‘suco’) and CER operates in five of 
these. Each village is further divided into three or more sub-villages, or ‘aldeia’ which 
typically consist of 50 to 100 households. CER’s solar PV lighting program commenced in 
2004 and has now installed 920 systems across each aldeia of the five villages in which the 
program operates [14]. Beneficiary households are required to pay an upfront fee of USD10 
for each system they receive. This represents a small fraction of the approximately USD200 
cost of each system. No ongoing operation or maintenance fee is charged. The systems are 
highly sought after by households in the Railaco area and many families have requested two 
or even three solar PV lighting systems.  
CER intended to serve as many households as possible with the limited budget at its disposal. 
Consequently, the solar lighting systems provided are a low-cost design which uses a small 
PV module to operate a single light. The first 600 systems were SHS consisting of a 10 Wp 
panel, a 5 W compact fluorescent lamp (CFL) and a 12V 9.2 Ah battery on which a charge 
controller was directly mounted. Whilst these systems were designed to provide three years 
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of operation before requiring a battery replacement, a significant number failed during their 
first two years of operation. The most problematic component was the charge controller, in 
excess of 150 of which were returned to the manufacturer. Consequently, a decision was 
taken in 2006 to provide solar lanterns to homes instead of SHS. The lanterns also use a 10 
Wp panel and 5 W CFL but use a slightly smaller, 7.2 Ah battery. Two hundred lanterns were 
supplied but reliability of these systems also proved problematic and CER recently switched 
back to providing SHS. Because quite a number of households have received more than one 
system, there are now many communities in Railaco where solar lanterns and SHS operate 
side-by-side, either in neighbouring houses or in the one house. 
The principal researcher visited Railaco on several occasions in 2007 to meet with local 
communities and observe the way the SHS and lanterns are being used. Houses are 
constructed from a range of locally available materials (such as bamboo, palm material and 
thatch) or commercial materials (concrete blocks and corrugated iron roofing sheets) or a 
mixture of both. Typically, a dwelling will consist of three to four rooms in a main building 
with an adjacent but separate kitchen. Nearly all rural houses are built without ceilings. This 
enables a single light source to illuminate several rooms at once.  
2.2 Research approach 
A household survey was conducted in nine communities in Railaco as part of a larger study to 
investigate the development impact of different sized SHS in East Timor.1 The evaluation 
method for the larger study used a combined qualitative/quantitative approach adapted from 
an ESMAP evaluation model—Monitoring and Evaluation in Rural Electrification Projects: 
A Demand-Oriented Approach [15]. To adapt the ESMAP approach to the Timorese context 
a series of community consultations were held in five rural areas of East Timor. Four of these 
communities had direct experience of PV lighting systems and the fifth was unserved by any 
form of electricity. Through a set of participatory exercises and focus group discussions the 
range of benefits perceived by Timorese users were identified. A socioeconomic survey and 
community-based participatory evaluation were then used to evaluate system performance in 
these areas. The evaluation covered lighting-derived benefits in relation to four important 
activity types—study/reading, domestic tasks, productive tasks, and social interaction—and 
                                                            
1 Details of this research are the subject of a forthcoming publication. 
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benefits relating to household finances, convenience and health. These were combined to 
obtain an overall picture of development impact associated with the PV systems evaluated.  
The results presented in this paper are derived from the socioeconomic survey data only. The 
survey consisted of seven sections: household demographics (including age, sex, education 
levels, study patterns, and waking hours); dwelling construction; household energy sources; 
patterns of candle and kerosene use for lighting; use of batteries; SHS operation; and general 
perceptions regarding electricity and SHS.  
The questions on waking hours and patterns of candle and kerosene expenditure are 
significant for the results presented here. Waking hours were recorded for each member of 
the household aged five or over based on the time of rising that morning and the time of 
going to sleep on the previous evening. Candles and kerosene are the main forms of lighting 
replaced by PV lighting systems. To determine the ongoing expenditure on these items 
respondents were asked to make a direct estimate of monthly expenditure and a range of 
questions regarding purchasing patterns. These two sources of data allowed cross-checking of 
the expenditure estimate. Respondents were also asked to make an estimate of their pre-SHS 
expenditure on candles and kerosene.  
The final section of the survey addressed user sentiments regarding their SHS. Where 
possible, separate responses by female and male representatives from the household were 
sought. Fourteen questions in this section probed user perceptions about SHS with respect to 
household activities (study, domestic tasks, and social interaction), satisfaction with their 
system generally (usefulness, quality of lighting, contentment), sense of convenience, sense 
of personal security, willingness-to-pay for the system, and the potential for the SHS to assist 
the running of a small business. Respondents were also asked to indicate the scale of change 
in their lives that had resulted from the installation of their SHS. With the exception of 
willingness-to-pay, all questions were closed questions and required responses on a four point 
scale, from strongly negative to strongly positive. 
For surveying of SHS users in the Railaco area—where many households also had a solar 
lantern or had neighbours with a solar lantern—two additional questions were added to the 
standard survey. Respondents were asked whether they preferred solar lanterns or SHS for 
PV lighting; and the reason behind their preference. The preference question was an open 
question and respondents were able to provide more than one reason if they chose to do so. 
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Between seven and ten households were selected to provide respondents to the survey in each 
of the nine Railaco communities involved in the research. This resulted in a total sample size 
of 76 households. Selection of respondents was carried out in consultation with local 
leadership in each community. This was required in respect for the local cultural practices but 
prevented a purely random selection of respondents. Where possible, households were 
selected whose systems were working and who had only a single system. For the 76 
households in the survey sample a total of 96 PV lighting systems had been installed. Of 
these 96 systems, 19 were solar lanterns and 77 were SHS. Most households in the sample 
(58) had only one PV system. Sixteen households had two systems and two households had 
three systems. All the PV systems had been installed over a three year period between March 
2004 and June 2007.  
Surveying was conducted by two Timorese enumerators, one of whom was closely involved 
in the development and trialling of the survey and its translation into the Timorese 
vernacular, Tetun. Each survey took between 45 and 90 minutes to complete. Surveying took 
place over the period from August to November 2007. 
 
3 RESULTS 
3.1 Household preferences 
Asked the straightforward question, ‘which type of system do you prefer—SHS or solar 
lantern?’, the overwhelming majority of respondents opted for the SHS. Table 1 shows that 
nearly four of every five households expressed a preference for the SHS and not quite one in 
five for the lanterns. Respondents were encouraged to declare a preference for either the SHS 
or the lantern but three households could not choose between the two options and stated that 
the systems were of equal merit.  
These results indicate strong support for SHS over solar lanterns. The survey also provided 
an opportunity for users to indicate why they preferred either the SHS or lantern. These 
responses are described in the following sections. 
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3.2 Preference motivation 
It may be noted that the proportion of householders who preferred lanterns to SHS (18%) 
mirrors the proportion of lanterns within the survey sample (19 lanterns of 96 systems). This, 
however, was coincidental. User experience of different system types appeared to play no 
part in householder preferences (as discussed in Section 3.3). System users cited other factors 
that gave rise to their preferences. 
During the survey respondents were asked to nominate the reasons—or motivation—for 
preferring solar lanterns to SHS lighting systems or vice versa. This was an open-ended 
question that resulted in a broad range of responses. Several households noted more than one 
motivation for their preference, resulting in 102 different reasons being provided by the 76 
user households. Most responses fell into one of five categories. These categories can be 
divided into those aspects relating to the light output and those concerning the operation of 
the systems (Table 2). The frequency with which each motivation was cited is also set out in 
the table. There were a number of additional responses, all of which related to operation of 
the systems, that have been grouped under the heading ‘operation: other’.  
With the exception of ‘light: quality’, all these motivations relate exclusively to one system 
only. For lanterns, the only area in which they were preferred over SHS is for their portability 
and this was the preference motivation for 18% of households (Fig 1). Two additional 
households selected lanterns in preference to SHS. One of these households preferred 
lanterns to SHS because they thought the quality of light provided was better and the other 
because their lantern could provide lighting in the kitchen. All other motivations related to 
the advantages of SHS lighting systems.  
An outsider to the Railaco communities may have anticipated portability of lanterns to be a 
more important factor in determining user preferences. Most households in the Railaco area 
only enjoy a single electric light. Within the survey sample, 76% of households had only one 
electric light, 21% two lights and just 3% (two households) had three lights. In this context, 
the ability to move a light from location to location to suit different activities is a significant 
advantage. Adult family members will also often spend several nights at a time away from 
their houses working or living on their agricultural land. Discussions between the researchers 
and community members indicated that this is one on the most important aspects of lantern 
portability.  
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Use of a lantern for cooking is also valued. In the rural Timorese context, the ‘kitchen’ is a 
separate building where food is stored and the cooking fire is operated. It is constructed 
separately from the main house to reduce the risk of fire. As noted earlier, the construction of 
rural Timorese houses allows several rooms to be illuminated by just one lamp, signifying 
that light from a single lamp is rarely confined to a single room. Nevertheless, a single lamp 
fixed in the main building will not provide lighting to the kitchen, nor to many other areas in 
or around the house. Use of a lantern may overcome this limitation of systems with fixed 
lamps. 
Responses to the survey indicate a strong gender influence on preference (Table 3). Where 
men only from a household were involved in responding to the survey, the household 
preference was much more likely to be for SHS than for lanterns (Chi-square P value 0.02). 
Whilst this response was not investigated further, the gender roles of men and women offer a 
plausible explanation. Working in the kitchen is a major role for women and in Railaco the 
SHS with single lamps fixed in the main building offer no benefits to the kitchen. Lanterns, 
which can be relocated from room to room as required, offer a significant advantage to 
women as they prepare evening meals. 
Aside from portability, the other preference categories all point in favour of SHS lighting 
systems. Approximately 10% of households were motivated to prefer SHS because they felt 
SHS provided light for a longer duration each night. This perception, however, was not 
supported by the survey data on system operation. There was no statistical difference between 
the mean nightly operation of lanterns and SHS—both averaged approximately four hours per 
night (T-test P value 0.71).  
The quality or strength of light provided by the SHS was the most frequently cited reasons for 
preferring SHS to lanterns. Half of all households reported this as a reason for their 
preference. In all but one of these cases it was SHS that were perceived to offer stronger 
illumination. Since both systems use a 5 W compact fluorescent lamp, the luminous flux for 
each could be expected to be quite similar. Luminaires for the two systems are quite different, 
however, with the SHS providing a fitting that incorporates a reflector along one side of the 
lamp. Whereas output from the lantern is cast in a sphere, light from the SHS is concentrated 
in a hemisphere. This may explain why users perceive the 5 W SHS CFLs to be ‘stronger’ 
than the 5 W CFLs used in the lanterns.  
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The ability of SHS to light up more than one room was given as a reason for 22% of 
respondent households selecting SHS over solar lanterns. Rural Timorese houses are very 
rarely constructed with a ceiling. Consequently, even a single lamp mounted on a rafter in the 
centre of a house, or above a partition dividing two rooms, will light several rooms at once. 
Respondents described this advantage of SHS as ‘lighting up the whole house’ or ‘able to 
mount [the lamp] up high’. Whilst it is conceivable that lanterns could also be suspended in 
the roof space under a rafter, it is far less convenient to do so and lantern users in Railaco 
were generally observed to place lanterns on tables or benches.  
The mounting of the lamp was also related to another significant reason to prefer SHS. SHS 
have important parts secured well out harms way, particularly beyond the reach of young 
children and domestic animals. Consequently, SHS were seen as less likely to be damaged 
than lanterns. Damage to solar lighting equipment in Railaco presents two problems for users. 
Firstly, households in these communities have very limited access to cash income making it 
difficult to pay for repairs. Perhaps of even greater significance, however, is that there is no 
access to repairs or spare parts in Railaco or the surrounding area. Broken equipment can take 
months (or in some cases years) to be repaired. This is likely to heighten user concerns about 
accidental damage to their systems. 
The ‘operation: other’ category listed in Table 2 includes a range of factors not related to the 
five areas discussed above. None of these factors was cited more than two or three times. 
They included perceptions regarding ease of use and reliability. One household also cited 
portability as a negative for the lanterns, remarking that carrying the lantern back and forth 
was tiring.  
3.3 Previous experience with one type of system 
One respondent noted that they preferred their SHS to a lantern because it was the type of 
system to which they were accustomed. This response calls for wider investigation to 
determine the likely prevalence of an association between experience with a particular system 
type and subsequent preference for that system. It might well be the case that those 
households who have used a system successfully are likely to prefer the system they know 
over one they don’t. Given that many more households in the sample had direct experience 
with SHS than with lanterns this may explain the large preference for SHS. It is also possible 
that households who have had poor experiences with one type of system would express a 
preference for the alternative. This factor also requires investigation. 
 10 
Whilst the sample is dominated by households who have only had experience of SHS, it does 
include households with lantern-only experience and some with experience of both lanterns 
and SHS (Figure 2).  
Preferences for each of these three groups is shown in Table 4. SHS dominate in each case, 
even for those households who only have experience of lanterns. It could be argued that the 
eleven households with experience of both system types were in the best position to judge the 
merits of one type over the other. This group, too, preferred SHS overwhelmingly to lanterns. 
Chi-square analysis of preference versus lantern/no lantern experience indicates no 
association between these variables (P value 0.86). 
Whilst the data does not indicate that past use of one system type is associated with 
preference for that system type, it is plausible that the opposite view may hold i.e. that 
negative experiences with one system type lead to preference for the alternative. To explore 
this issue preferences were examined for households whose PV systems were faulty. 
Eighteen respondents had systems that were not working at the time of the survey. Whilst the 
sample is small, the results are consistent with the full survey population. Six out of seven 
households with experience of a non-functioning SHS still preferred SHS to lanterns, as 
shown in Table 5. All three households with a broken lantern preferred SHS rather than 
lanterns. 
3.4 Differences in derived benefits 
3.4.1 Expenditure on lighting 
As noted above, rural households in East Timor have very limited access to cash income. 
Most of the rural population rely on subsistence farming—83% of the rural labour force are 
subsistence farmers and only 6% hold employment within the government or private sector 
[16]. As a result, the estimated GDP per capita in rural areas is only US$150 p.a., well below 
the national average of US$370 [3]. Consequently, allocation of cash income in rural 
households is carefully managed. Any difference in expenditure on non-electric lighting 
sources as a result of lantern or SHS use would be an important consideration for users. In 
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Railaco such savings are easily identified by user households since they are not required to 
pay any monthly operating fee for their SHS. 2  
To determine whether or not PV lighting systems had any influence on household finances, 
expenditure on candles and kerosene was compared in those houses where no PV lighting 
system was working against those where either lanterns or SHS were functioning. As 
expected, there was a statistically significant difference in expenditure (T-test P value 0.006). 
Those households were the PV system was working on average spent $2.30 less per month on 
these items, most of which was reduced spending on kerosene.  
Whilst we can be confident that the solar lighting systems contributed to reduced overall 
expenditure on kerosene and candles, there was no statistically significant difference between 
the mean expenditure on candles and on kerosene for those households using a single lantern 
(N=5) or single SHS (N=38). Hence, reduction in expenditure was associated with having 
access to an electric lamp, irrespective of whether it was supplied as part of a lantern or a 
SHS. 
The same can be said for expenditure on batteries which are most commonly used for battery-
operated torches. Mean expenditure for the whole survey sample was $1.30 per month which 
is equivalent to approximately four ‘D’ sized dry cell batteries or six ‘AA' batteries. There 
was no statistically significant difference in battery expenditure between those houses with 
access to a lantern (N=14) and those with access to SHS only (N=43). This would suggest 
that households still require use of hand-held torches for moving around at night even when 
they have access to a solar lantern. 
3.4.2 Study habits and waking hours 
Results from consultations with communities held prior to development of the survey tool 
identified improved opportunities for study as an important benefit of PV lighting systems. In 
the survey respondents were asked to nominate which of the children in the household were 
enrolled in school. They were also asked to note whether or not those children spent time 
studying the previous evening and if so for how long. As with candle and kerosene 
                                                            
2 The larger study of which the survey here formed part found that users placed a high value on the perceived 
financial benefits of their systems. For the 10 Wp CER systems in Railaco average household savings were 
found to be approximately equal to the real costs of owning and operating a lantern or SHS. 
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expenditure, there was no statistically significant difference between the study patterns for 
students in households with access to working lanterns (N=11) and those in households with 
access only to a single, working SHS (N=25). In both cases 80-90% of students were reported 
to have spent time studying on the previous evening and the average duration of study was 
35-45 minutes. Further testing of the data indicates, however, that the presence of a working 
SHS did not influence study outcomes within the small sample available. For households 
with working systems (N=37) and households with non-functioning systems (N=10) there 
was no significant difference in the average duration of study (T-test P value 0.59).  
Waking hours were also investigated in the socioeconomic survey. An increase in waking 
hours would indicate greater time available for a range of household activities, particularly 
productive tasks, many of which require good illumination if they are to be undertaken at 
night. Respondents were asked to nominate the times at which each member of the household 
went to bed on the previous evening and the time at which they arose that morning. As a 
result, average waking hours in each household for women, men and children were calculated 
(Table 6). Probabilities of these results representing populations with the same means ranged 
from 0.25 to 0.55 and hence no change in household waking hours can be attributed to having 
access to a solar lantern rather than a SHS. 
 
4 DISCUSSION 
The findings of the research indicate a very clear preference amongst most users for SHS 
rather than solar lanterns, raising the question as to why portability—the prime advantage of 
lanterns—did not make lanterns more attractive. Portability can be considered from two 
aspects: portability around the house; and portability away from the house. Being able to 
move the lantern to different locations within the house, particularly into the kitchen, is a 
definite advantage. For a household of five or six people, however, a single lamp does not 
eliminate the need for other lighting sources such as candles and home-made kerosene lamps. 
Where these alternative forms of lighting are still in use—as is the case in most of the 
households surveyed—they also offer portability and so may reduce the perceived benefit of 
lantern portability. If a household has a SHS and a portable kerosene lamp, that may be 
considered of similar value to a lantern/kerosene lamp combination.  
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Solar lantern users did report also using their lanterns away from their house. In discussion 
with users, several mentioned that they take their solar lantern with them to their agricultural 
plots from time to time. If there is only a single electric light available, however, and other 
family members remain at home, there is a strong disincentive to remove the lantern from the 
house. The opportunity to take advantage of lantern portability is diminished under these 
conditions.  
The risk of damage associated with portability also works against preference for lanterns. For 
every two households preferring lanterns for their portability, a third household preferred a 
SHS because they feared that a lantern would be more easily damaged than a SHS. Having 
the CFL permanently installed in the roof space clearly reduces the likelihood that it will be 
knocked, dropped or played with by young children or damaged by domestic animals. The 
lanterns provided by CER had provision for attachment to a mounting frame or to be 
suspended in the roof space. During the research fieldwork, however, no households were 
observed mounting their lanterns in this way.  
Improving the options for mounting solar lanterns may also improve user perceptions of the 
quality of light provided. As noted above, even though both the lanterns and SHS were fitted 
with 5 W CFL, users felt that the SHS provided better light. The luminaire design, which for 
SHS was provided with a reflector, is likely to play a role in this findings. Having the CFL in 
SHS mounted overhead is also likely to improve user perceptions of SHS lighting. When 
used for reading or studying, placing a solar lantern on a bench or table often casts as much 
light into the reader’s eyes as on the page being read. It would be feasible to mount the 
lanterns in a horizontal mounting frame and to design such a frame with an inbuilt reflector. 
This would improve the useful light cast by the lanterns, particularly when used for reading 
or study or other activities requiring task-based lighting. Such a frame could be produced 
locally in East Timor for a small cost and may improve user perception of lanterns 
significantly. 
Despite these reservations, it is clear that many households in Railaco valued the portability 
of their solar lanterns. A program that made both lanterns and SHS available to each 
household—as CER is now doing in many communities—may offer the best advantages of 
both systems. 
The finding that users perceive the SHS to operate for a longer period each night than the 
lanterns is surprising given that the reported nightly usage for both systems was equivalent 
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(≈four hours) and that both systems use a similar battery, panel and CFL combination. This 
does highlight, however, the drawback of providing lanterns which are low cost and light 
weight but use a small battery. On the island of Atauro, a UN agency (UNDESA) trialled the 
identical lantern to that used by CER but fitted with a smaller battery—4.4 Ah instead of the 
7.2 Ah version used in Railaco. An evaluation of their trial found users to be dissatisfied with 
the operating duration of this lantern which was found to be three hours or less [17].  
There is also a disadvantage to portability that relates to battery life. Where users can 
disconnect their lanterns from the solar module there is a risk that batteries will be irregularly 
and insufficiently charged. This can lead to significantly reduced battery life. This was not 
identified by users during the survey as a disadvantage for solar lanterns. The CER technician 
responsible for installing and maintaining systems, however, reported several cases where 
users had taken their lanterns away from the home for several days and continually tried to 
turn them on without recharging them, resulting in excessive discharge of the battery. This 
risk does not exist with a SHS. Battery replacement is the largest ongoing operating cost for 
solar PV lighting systems and it is very important that battery life is optimised if systems are 
to remain affordable to users. 
In addition to problems of excessive battery discharge, reliability has been poor for both 
lanterns and SHS purchased by CER for use in Railaco. Both systems were purchased 
through reputable international suppliers but suffered from early failures numbering in the 
hundreds of systems. Some systems failed within days of installation and, as noted above, 
charge controllers caused many failures. Diaz et al. [18] noted that this is not uncommon, 
reporting failure rates of up 15% of systems per year for some PV projects. Given the remote 
nature of these communities in East Timor and the enormous expense and difficulty 
associated with servicing warranties, technical failure on this scale is a significant 
disincentive for promoting solar PV equipment.  
Reliability of operation, however, is also very closely linked to user behaviour and 
experiences in Railaco highlight the need for extensive user education in conjunction with 
equipment installation. CER reported that for the SHS, it was not uncommon for users to 
bypass the charge controller’s automatic low voltage shut-off feature which protects the 
batteries. In many of these cases, such action provided a few extra hours of lighting at the 
expense of permanently damaging the battery. In addition to being able to access spare parts 
and technical support when needed, users need sufficient understanding of how their solar PV 
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lighting systems work so that they can operate them for maximum service life. Arguably, this 
level of understanding is even more important for solar lanterns since successful operation 
relies upon users regularly reconnecting their lanterns to the PV modules. As with so many 
forms of rural community development, failure to educate will result in failure to operate. 
 
5 CONCLUSIONS 
The study undertaken in Railaco revealed a clear user preference for SHS rather than solar 
lanterns of a similar capacity. Irrespective of whether households had experience of only SHS 
or only lanterns—or of both types of system—SHS were far more likely to be preferred than 
lanterns. Respondents to the survey described a range of motivations for their preference. 
Portability was the most important attribute for the 18% of households that preferred lanterns. 
Those who preferred SHS did so for a variety of reasons. Most significant of these was the 
quality of the light provided. Other important advantages of SHS noted by respondents were 
longer duration of nightly operation, ability to illuminate multiple rooms and reduced risk of 
accidental damage.  
Where women were involved in responding to the survey, households were more likely to 
express a preference for solar lanterns than when male-only respondents were involved. This 
is thought to relate to the opportunity to use the solar lanterns in kitchen buildings for 
cooking which is almost universally done by women. 
The SHS and lanterns reviewed in the study were both provided with a single 5 W CFL. 
When households with lanterns were compared to those that only used SHS, no statistical 
difference was noted in their expenditure on kerosene or candles; study habits for school 
children; or waking hours.  
Whilst a clear user preference for SHS rather than lanterns was demonstrated in the survey, it 
should be noted that respondents were asked to make an ‘either or’ choice in a situation 
where most households have only a single system with one lamp. Portability still emerged as 
a significant advantage and households may gain maximum benefits from two systems if a 
combination of lantern and SHS are used. The use of mounting frames that allow lanterns to 
be raised above work surfaces and which incorporate a reflector to cast light down into the 
room may overcome some of the shortcomings of solar lanterns. 
 16 
 
ACKNOWLEDGEMENTS 
The authors would like to acknowledge the contribution of the many households in Railaco, 
East Timor, who generously shared their time and experiences during interviewing for the 
household survey. Gratitude is also owed to Brother Bill Tynan of the Edmund Rice 
Community for his support in carrying out the research and providing introductions to 
community leaders in Railaco. Finally, the authors would like to thank the two Timorese 
enumerators—Constantino Belo and Ludivico Alves—for their diligence in completing the 
survey interviews. 
 
REFERENCES 
 
[1] J. Dunn, East Timor: a rough passage to independence. Double Bay: Longueville 
Books, 2003. 
[2] UNDP, Human Development Report 2005, United Nations Development Programme, 
New York, 2005. 
[3] UNDP, Timor Leste Human Development Report 2006. The Path out of Poverty, 
United Nations Development Programme, Dili, 2006. 
[4] Republica Democrática de Timor-Leste, Timor-Leste: Power Sector Investment 
Program, Ministry of Natural Resources, Minerals and Energy Policy, Dili, 2006. 
[5] Republica Democrática de Timor-Leste, Overview of sector investment programs. 
Volume I: Strategies and Priorities for the Medium-term, Ministry of Planning and 
Finance, Dili, 2005. 
[6] NASA, Surface meteorology and solar energy (release 5.1), Available from 
http://eosweb.larc.nasa.gov/sse/ 
[7] M. Bond, R. J. Fuller, and L. Aye, A policy proposal for the introduction of solar 
home systems in East Timor, Energy Policy, 2007, 35, pp. 6535-6545. 
[8] F. D. J. Nieuwenhout, A. v. Dijk, P. E. Lasschuit, G. v. Roekel, V. A. P. v. Dijk, D. 
Hirsch, H. Arriaza, M. Hankins, B. D. Sharma, and H. Wade, Experience with solar 
 17 
home systems in developing countries: a review, Progress in Photovoltaics: Research 
and Applications, 2001, 9, pp. 455-474. 
[9] J. A. Roy and S. Jana, Solar lanterns for rural households, Energy, 1998, 23, pp. 67-
68. 
[10] S. K. Velayudhan, Dissemination of solar photovoltaics: a study on the government 
programme to promote solar lantern in India, Energy Policy, 2003, 31, pp. 1509-1518. 
[11] M. Gustavsson and A. Ellegard, The impact of solar home systems on rural 
livelihoods. Experiences from the Nyimba Energy Service Company in Zambia, 
Renewable Energy, 2004, 29, pp. 1059-1072. 
[12] F. van der Vleuten, N. Stam, and R. van der Plas, Putting solar home system 
programmes into perspective: What lessons are relevant?, Energy Policy, 2007, 35, 
pp. 1439-1451. 
[13] A. Cabraal, M. Cosgrove-Davies, and L. Schaeffer, Best Practices for Photovoltaic 
Household Electrification Programs: Lessons from Experiences in Selected Countries, 
World Bank Technical Paper 324, 1996. 
[14] B. Tynan, Coordinator, Communidade Edmund Rice, Dili, Timor-Leste, personal 
communication. 
[15] ESMAP, Monitoring and Evaluation in Rural Electrification Projects: A Demand-
Oriented Approach, Energy Sector Management Assistance Programme (ESMAP), 
ESMAP Technical Paper 037, Washington, 2003. 
[16] Direcção Nacional de Estatistica, Total, urban and rural populations. Dili, 2008. 
[17] P. da Silva, Lantern testing evaluation report, UNDESA, Dili, unpublished. 
[18] P. Díaz, M. Á. Egido, and F. Nieuwenhout, Dependability analysis of stand-alone 
photovoltaic systems, Progress in Photovoltaics: Research and Applications, 2007, 15, 
pp. 245-264. 
 
 18 
Tables 
Table 1: Summary of household preferences 
Preference Frequency Percentage 
Equal 3 4 
SHS 59 78 
Lantern 14 18 
Total 76 100 
 
 
Table 2: Summary of household preferences (frequency) 
Preference Frequency 
Light: duration of operation 15 
Light: quality 38 
Light: multi-room illumination 17 
Operation: portability 14 
Operation: risk of damage 7 
Operation: other 11 
Total 102 
 
 
Table 3: Preference breakdown by sex (frequency) 
 Preference 
 SHS Lantern Total 
Exclusively male 41 5 46 
Respondent sex 
Female or female and male 18 9 27 
Total 59 14 73 
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Table 4: Preference by system type experience (frequency) 
Preference  
Equal SHS Lantern 
Total 
Lantern 0 5 2 7 
SHS 2 45 11 58 System type experience 
Both 1 9 1 11 
Total 3 59 14 76 
 
 
Table 5: Preference by experience with system failure (frequency) 
Preference  
 Equal SHS Lantern 
Total 
SHS 1 12 2 15 System type not working Lantern/both 0 3 0 3 
 
 
Table 6: Waking hours for households with and without access to lanterns 
 Lantern access N Mean Std. Deviation 
SHS only 43 16.1 1.46 Waking hours, adult Lantern 14 15.8 1.32 
SHS 30 15.1 1.55 Waking hours, child  Lantern 11 14.8 1.69 
SHS 38 16.0 1.68 Waking hours, women Lantern 13 15.4 1.46 
SHS 43 15.9 1.42 Waking hours, men Lantern 14 16.2 1.73 
 
